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Introduction
[bookmark: _Ref494215420]In RAN1#110 meeting, RAN1 has discussed on Type-II codebook refinement for CJT mTRP, Type-II codebook refinement for high/medium UE velocities exploiting time-domain correlation/Doppler-domain information, and UE reporting of time-domain channel properties (TDCP) measured via CSI-RS for tracking [1]. During the meeting, some important agreements have been achieved.
In this contribution, we provide our view on the detailed design for each of the features.

Discussion
CSI enhancement for CJT
Regarding the determination of the number of cooperating TRPs, reporting CSI corresponding to K transmission hypotheses was ruled out, and two remaining alternatives are listed below,
	Agreement
On the Type-II codebook refinement for CJT mTRP, down-select from the following TRP selection/determination schemes (where N is the number of cooperating TRPs assumed in PMI reporting) by RAN1#110bis-e:
· Alt1. N is gNB-configured via higher-layer (RRC) signalling
· The N configured TRPs are gNB-configured via higher-layer (RRC) signalling
· Note: only one transmission hypothesis is reported
· Alt2. N is UE-selected and reported as a part of CSI report where N{1,..., NTRP} 
· N is the number of cooperating TRPs, while NTRP is the maximum number of cooperating TRPs configured by gNB 
· In this case, the selection of N out of NTRP TRPs is also reported (FFS: exact reporting scheme)
· FFS: Configuration of NTRP TRPs and the value of NTRP, whether explicit or implicit
· Note: only one transmission hypothesis is reported. UE is not mandated to calculate CSI for multiple transmission hypotheses.
FFS: Whether S-TRP transmission hypothesis is also reported 



It is beneficial if UE could recommend the TRP group based on channel measurements. Otherwise, if gNB received the PMI/RI/CQI corresponding to all configured TRPs, gNB may have to trigger another CSI report if it needs to change the number of cooperating TRPs. Therefore, we prefer Alt2.
Proposal 1: For TRP selection/determination scheme, support Alt2: N is UE-selected and reported as a part of CSI report where N{1,..., NTRP}
Regarding the codebook structure, RAN1 has agreed to support the following two modes.
	Agreement
For the Rel-18 Type-II codebook for CJT mTRP, support the following two modes:
· Mode 1: Per-TRP/TRP-group SD/FD basis selection which allows independent FD basis selection across N TRPs / TRP groups. Example formulation (N = number of TRPs or TRP groups): 

· Mode 2: Per-TRP/TRP group (port-group or resource) SD basis selection and joint/common (across N TRPs) FD basis selection. Example formulation (N = number of TRPs or TRP groups):


· Striving for the two modes to share commonality in detailed designs such as parameter combinations, basis selection, TRP (group) selection, reference amplitude, W2 quantization schemes.
· FFS: Depending on the decision on SCI design, whether additional per-TRP/TRP-group amplitude scaling and/or co-phase is needed or not, and whether they are a part of W2s


According to the agreement, for SD basis selection, per TRP selection is supported. While for FD basis selection, per TRP selection is supported as mode 1 and common selection across TRPs is supported as mode 2. 
For more than 1 layers, considering that SD basis selection in both Rel.16 Type II codebook and Rel.17 Type II PS codebook are layer common, we prefer to adopt layer common SD basis selection for Rel-18 Type-II codebook for CJT. We don’t see any technical issue on layer common SD basis selection. Regarding FD basis selection, layer specific selection is used for Rel.16 Type II codebook while layer common selection is used for Rel.17 Type II PS codebook. We think the FD basis selection can also reuse legacy rule for Rel.16 and Rel.17 enhancements.
Proposal 2: For SD basis selection, support layer-common selection.
Proposal 3: For FD basis selection, support layer-specific selection for Re.16 based enhancement and layer-common selection for Re.17 based enhancement.
On the W2 quantization group and SCI design, the following agreement has been achieved.
	Agreement
On the Type-II codebook refinement for CJT mTRP, regarding W2 quantization group and Strongest Coefficient Indicator (SCI) design, for each layer, down-select one from the following alternatives by RAN1#110bis-e:
· Alt1. One group comprises one polarization across all TRPs/TRP-groups (Cgroup,phase=1, Cgroup,amp=2), one (common) SCI across all TRPs/TRP groups
· Alt2. One group comprises one polarization for one TRP/TRP-group (Cgroup,phase=N, Cgroup,amp=2N), per-TRP/TRP-group SCI
· FFS: Quantization of N strongest coefficients  
· Alt3. One group comprises one polarization for one TRP/TRP-group with a common phase reference across TRPs/TRP-groups (Cgroup,phase=1, Cgroup,amp=2N)
· FFS: SCI, per-TRP/TRP-group vs. one (common) SCI across all TRPs/TRP groups  
· FFS: Quantization of N strongest coefficients
· Alt4. For a selected TRP/TRP-group, one group comprises one polarization, and for remaining N-1 TRPs/TRP-groups, one group comprises one polarization across remaining N-1 TRPs/TRP-groups (Cgroup,amp=2+2=4), with a common phase reference across all of N TRPs/TRP-groups (Cgroup,phase=1)
· FFS: The selected TRP/TRP-group
FFS: The need for “strongest” TRP/TRP-group indicator in addition to SCI(s)


In our views, there will be pathloss difference between UE and multiple TRPs. If one group comprises one polarization across all TRPs, the quantization accuracy of NZCs corresponding to weaker TRPs will be very low, especially when UE selection of the cooperating TRPs is not supported. Therefore, Alt1 is not preferred.  For Alt4, the intention is to have an alternative between Alt1 and Alt2/3. Similar as for Alt1, the quantization accuracy of NZCs within the second group corresponding to weaker TRPs cannot be guaranteed. On the other hand, if one group comprises one polarization for one TRP, UE can perform CSI omission per TRP, and gNB can construct the codebook corresponding to a subset of N TRPs. In summary, we support one group corresponding to one polarization for one TRP.
On the phase quantization, defining phase reference per TRP with additional phase offset per TRP relative to the reference TRP is the same as one common phase reference with differential phase across all TRPs. Therefore, a common phase reference is simpler and sufficient. So, comparing with Alt2, Alt3 is preferred. While on the reference amplitude, there should be one reference amplitude for each group. With the assumption that one group comprises one polarization for one TRP, the total number of reference amplitudes are 2N. Regarding the number of SCI, it is not likely that the strongest coefficient for each TRP have the same index. So we think SCI should be per TRP and the total number of SCI is N. Besides, differential quantization of 2N reference amplitudes can be considered where one of the reference amplitudes can be quantified so that the amplitude is 1 and the phase is 0. Otherwise, if the N reference amplitudes indicated by the SCI are all quantified for which the amplitude is 1 and the phase is 0, the spec will be complicated with the introduction of additional CSI parameters which carry the information of the relative amplitude among the N reference amplitudes.
Proposal 4: For W2 quantization group, support Alt3: One group comprises one polarization for one TRP/TRP-group with a common phase reference across TRPs/TRP-groups (Cgroup,phase=1, Cgroup,amp=2N)
Proposal 5: Regarding the strongest coefficients, support per-TRP SCI and differential quantization of 2N reference amplitudes.

CSI enhancement for High/medium velocity UE
Codebook structure
For codebook structure, last meeting, we have the following agreement:
	Agreement
For the Rel-18 Type-II codebook refinement for high/medium velocities, down-select one from the following codebooks structures:
· Alt2A: Doppler-domain basis commonly selected for all SD/FD bases, e.g. 
· Note that  may be the identity as a special case
· Alt2B: Doppler-domain basis independently selected for different SD/FD bases 
· Note that  may be the identity as a special case
· Alt3. Reuse Rel-16/17 (F)eType-II codebook with multiple  and a single  and  report.


Compared with Alt2B, we prefer Alt2A, for the reason that it is the straightforward extension of legacy Rel-16 Type-II/Rel-17 PS Type-II codebook, and much simple. Alt3 would result in much UCI overhead since it is per occasion    reporting and there is no compression on PMI.
Proposal 6: For codebook structure, support Alt 2A.

DD basis
For Doppler-/time-domain basis waveform, one agreement has been achieved last meeting:
	Agreement
For the Rel-18 Type-II codebook refinement for high/medium velocities, on the DD/TD basis waveforms:
· Down-select or combine from the following Doppler-/time-domain basis waveforms:
· Alt1. Orthogonal DFT
· TBD (by RAN1#110bis): whether rotation is used or not
· FFS: identical or different rotation factors for different SD components
· Alt2. Identity (i.e. no Doppler-/time-domain compression)
· FFS: Whether Doppler-/time-domain (DD/TD) basis vector length (N4) is RRC-configured or reported by the UE
· FFS: Whether the number of selected DD/TD basis vectors (for Alt1) is RRC-configured or reported by the UE


For Rel-16 Type-II/Rel-17 PS Type-II codebook, DFT waveform is adopted as the basis vector of frequency codebook. From our side, DFT waveform still can be taken as the basis vector for Rel-18 DD codebook for its similarity and performance. Oversampled DFT codebook seems not to be necessary, and the benefit is not clear to us.
For Alt2, identity can be considered as a special case when the length of DD basis is one. As discussed above on codebook structure, we don’t support reporting multiple  without compression. Therefore, based on our understanding, Alt2 can be merged into the original Alt1 without any update.
Proposal 7: For DD basis waveform, support Alt1: Orthogonal DFT.

CSI-RS resource configuration enhancement
Regarding CSI-RS configuration for ‘burst’ enhancement, last meeting, we had the discussion throughout the meeting. However, the consensus has not been made.
In our views, to achieve accurate Doppler-domain information, measurement on multiple CSI-RS occasions or bursts is needed to obtain multiple channel information. This requires UE to buffer multiple continuous CSI-RS. Since for periodic CSI report or semi-persistent CSI report, only periodic or semi-persistent CSI-RS can be utilized. Long time CSI-RS reception behavior would result in huge burden on UE, e.g., increasing UE memory size and causing power consumption, especially when operating at a large bandwidth. Thus, aperiodic CSI reporting for Doppler-domain information is preferred from our side. For the time behavior of CSI-RS, aperiodic CSI-RS should be supported. Although P/SP CSI-RS is not preferred, it can be fine if aperiodic CSI-RS is also configured, so P/SP CSI-RS can be used in a causal way, e.g., only one or multiple occasions in one periodicity is utilized.
Proposal 8: For CSI enhancement on Doppler-domain information, only aperiodic CSI reporting can be considered. P/SP/AP CSI-RS can be considered.
In current specification, for one periodic/semi-persistent CSI report, only one CSI-RS resource setting including one periodic/semi-persistent CSI-RS resource for channel measurement can be configured to be associated. For one aperiodic CSI report, it can be associated with only one periodic/semi-persistent /aperiodic resource set included in a resource setting. If the codebook type is Type-II, only one resource can be included in one CSI-RS resource set for channel measurement for P/SP/AP CSI reporting.
To realize one CSI report associated with multiple continuous CSI-RS occasions or bursts, as the aforementioned, P/SP CSI-RS is used in a causal way, then enhancement on P/SP CSI-RS is not needed. For aperiodic CSI-RS, in current spec, only one slot offset can be configured for one set, and all resources in a set are located in a slot. Thus, further enhancement is needed for AP CSI-RS resource, e.g., one resource in a resource set with repeated transmission configured, or multiple resources with different slot offset can be configured in a resource set, or multiple sets with different slot offset can be associated, even if codebook type still is Type-II. On the other hand, considering UE implementation, uniform CSI-RS occasions or bursts distribution is preferred. 
Proposal 9: Support further enhancement on AP CSI-RS, and uniform distribution of multiple CSI-RS occasions or burst is preferred. The following options can be considered:
· Option 1: One AP CSI reporting is still associated with one AP CSI-RS resource set, and one AP CSI-RS resource is included in one set with repetition number and repetition interval configured;
· Option 2: One AP CSI reporting is still associated with one AP CSI-RS resource set, and multiple AP CSI-RS resources are included in one set with uniform interval among CSI-RS resources;
· Option 3: One AP CSI reporting is associated with multiple AP CSI-RS resource sets with different slot offsets, and one AP CSI-RS resource is included in one set;
Last meeting, whether TRS can be used for measurement was not decided. The benefit of introducing TRS is not clear to us. This is because that TRS is one port, CSI parameters such as PMI can not be achieved by TRS. In addition, the time correlation provided by TRS can not be applied into all CSI-RS ports, for different CSI-RS ports may experience different time correlation, where each CSI-RS port may correspond to one different path/beam.
Observation 1: It is not necessary to consider the mixed configuration including TRS and CSI-RS.

The configuration of CSI measurement and reporting
In Rel-15, a CSI reference resource is introduced for CQI calculation. In addition, the slot location () of CSI reference resource is utilized as one threshold to determine whether to update the CSI report. In details, the UE reports a CSI report only after receiving at least one CSI-RS transmission occasion for channel measurement and CSI-RS and/or CSI-IM occasion for interference measurement no later than CSI reference resource and drops the report otherwise. The specification also defines the gap () between CSI reference and the uplink slot when CSI will be reported, to ensure there is enough time for UE to calculate the CSI. One illustrate to depict the above time restriction can be seen below:
[image: ]
Figure 1. One illustration of legacy CSI timeline
In our mind, the definition and function of CSI reference resource can be reused, and we have not seen any justified reason to change. 
Observation 2: Further enhancement on CSI reference resource is not needed.
Regarding CSI measurement and reporting, we have the following agreements achieved in last meeting:
	Agreement
On the CSI reporting and measurement for the Rel-18 Type-II codebook refinement for high/medium velocities assuming the UE-side prediction, on the definition of UE-side prediction, down-select one from the following alternatives by RAN1#110bis-e:
· Alt1. UE “predicting” channel/CSI after the slot with a reference resource 
· Alt2. UE “predicting” channel/CSI after slot n (where the CSI is reported) 
Agreement
On the CSI reporting and measurement for the Rel-18 Type-II codebook refinement for high/medium velocities, when UE-side prediction is assumed, down-select one from the following alternatives by RAN1#110bis-e:
· Alt1.B:  l ≥ nref
· nref (a CSI reference resource slot) as boundary
· Alt2.B: l ≥ n
· n (report slot) as boundary


For the definition of UE side prediction, both Alt1 and Alt2 require UE side prediction. However, based on our understanding, it is not the intention to identify the starting slot in which the CSI requires UE side prediction. The intention is more like to define a rule on the UE behavior when it performs CSI prediction. Considering that only the PDSCH scheduling after CSI report can benefit from the CSI report, the predicted CSI corresponding to the slot after CSI report is more useful. 
Proposal 10: On UE-side prediction, UE “predicting” channel/CSI after slot n (Alt2) and l ≥ n (Alt2.B).
For UE side prediction, raw channel information can be used for UE to achieve accurate CSI prediction. However, it should depend on UE’s capability. For example, for low end UE, the capability of the extrapolation operation and buffer size is limited, which may result in poor predicted CSI accuracy. While for high end UE, there may be no problem.
Proposal 11: The support of UE-side prediction should be based on UE capability.

CSI enhancement for TRS based TDCP reporting
In RAN1#110, after extensive discussions, we have the following agreements for TRS based TDCP reporting.
	Agreement
For the Rel-18 TRS-based TDCP reporting, down select one of the following alternatives by RAN1#110bis-e:
· AltA. Based on Doppler profile
· E.g., Doppler spread derived from the 2nd moment of Doppler power spectrum, average Doppler shifts, Doppler shift per resource, maximum Doppler shift, relative Doppler shift, etc
· AltB. Based on time-domain correlation profile
· E.g. Correlation within one TRS resource, correlation across multiple TRS resources
· Note: The correlation over one or more lags of TRS resource may be considered.  The lags may be within one TRS burst or different TRS bursts
· AltC: CSI-RS resource and/or CSI reporting setting configuration parameter(s) to assist network
· E.g. gNB configures UE with multiple choices on what to assist (e.g. two or more CSI-RS/report periodicities, or precoding schemes depending mainly on UE velocity), then UE report according to configuration; parameters correspond to CSI reporting periodicity, codebook type, etc.
Note: Different alternatives may or may not apply to different use cases.


Five candidates of TDCP parameters are classified into three alternatives for further down selection as shown above. 
For AltA, in our understanding, it could provide help for gNB to predict DL channel evolution in time and calculate precoding for TDD system where SRS is used for achieving DL channels. Time-domain correlation profile for AltB could also assist gNB to predict channel evolution in time. However, compared with time-domain correlation profile in Alt B, the definition of Doppler related parameters in Alt A is clearer. 
For Alt C, it seems only to be applied for the use case of CSI measurement and reporting configuration. However, gNB and UE may have different implementation considerations. Besides, the use case can also be realized by other parameters, e.g., Doppler spread, Doppler shift. On the other hand, it seems to be unable of reflecting Time/Doppler properties, and the benefit is very limited.
Based on the above analysis, we have the following proposal:
Proposal 12: For the parameters of TRS based TDCP reporting, AltA is preferred.
For standalone TDCP reporting, aperiodic reporting has been agreed. For periodic and semi-static reporting, in our mind, it is not necessary. This is because that if a velocity changes quickly, the periodic/semi-static reporting is not efficient, and if the velocity changes slowly, the aperiodic reporting is enough.
Observation 3: For standalone TDCP reporting, both periodic reporting and semi-static reporting are not needed.

Conclusion
In this contribution, we provide our view on CSI enhancement for high/medium UE velocities and coherent JT. The following proposals and observations are achieved:
CSI enhancement for CJT
Proposal 1: For TRP selection/determination scheme, support Alt2: N is UE-selected and reported as a part of CSI report where N{1,..., NTRP}
Proposal 2: For SD basis selection, support layer-common selection.
Proposal 3: For FD basis selection, support layer-specific selection for Re.16 based enhancement and layer-common selection for Re.17 based enhancement.
Proposal 4: For W2 quantization group, support Alt3: One group comprises one polarization for one TRP/TRP-group with a common phase reference across TRPs/TRP-groups (Cgroup,phase=1, Cgroup,amp=2N)
Proposal 5: Regarding the strongest coefficients, support per-TRP SCI and differential quantization of 2N reference amplitudes.

CSI enhancement for High/medium velocity UE
Proposal 6: For codebook structure, support Alt 2A.
Proposal 7: For DD basis waveform, support Alt1: Orthogonal DFT.
Proposal 8: For CSI enhancement on Doppler-domain information, only aperiodic CSI reporting can be considered. P/SP/AP CSI-RS can be considered.
Proposal 9: Support further enhancement on AP CSI-RS, and uniform distribution of multiple CSI-RS occasions or burst is preferred. The following options can be considered:
· Option 1: One AP CSI reporting is still associated with one AP CSI-RS resource set, and one AP CSI-RS resource is included in one set with repetition number and repetition interval configured;
· Option 2: One AP CSI reporting is still associated with one AP CSI-RS resource set, and multiple AP CSI-RS resources are included in one set with uniform interval among CSI-RS resources;
· Option 3: One AP CSI reporting is associated with multiple AP CSI-RS resource sets with different slot offsets, and one AP CSI-RS resource is included in one set;
Observation 1: It is not necessary to consider the mixed configuration including TRS and CSI-RS.
Observation 2: Further enhancement on CSI reference resource is not needed.
Proposal 10: On UE-side prediction, UE “predicting” channel/CSI after slot n (Alt2) and l ≥ n (Alt2.B).
Proposal 11: The support of UE-side prediction should be based on UE capability.

CSI enhancement for TRS based TDCP reporting
Proposal 12: For the parameters of TRS based TDCP reporting, AltA is preferred.
Observation 3: For standalone TDCP reporting, both periodic reporting and semi-static reporting are not needed.
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